| INTRODUCTION
Introduced in the early 2000s, 1 kyphoplasty curettes have elicited significant interest among the spine surgery community, especially as an alternative for low-pressure cement injection which may mitigate some of the possible associated concerns of balloon inflation in terms of worsening of the spinal canal compromise. This is especially relevant for fractures affecting the posterior wall of the vertebral body or in patients with tumoral lesions in the verrtebral body. Additionally, a recent biomechanical study revealed that using a curette before balloon kyphoplasty may reduce the rates of vertebral height loss after kyphoplasty, which could have been related to a lack of cement interdigitation with the cancellous bone of the vertebral body adjacent to the cavity created by the balloon in the noncurette group. 2 This study also demonstrated greater filling of the vertebral bodies by cement in the curette group, a difference that reached statistical significance. A previous prospective randomized trial, which compared balloon kyphoplasty with kyphoplasty employing a curette followed by balloon inflation, demonstrated noninferiority of the latter in terms of vertebral body height restoration and similar complication rates in the treatment of vertebral compression fractures in patients with osteoporosis. 3 Although the literature supporting the use of cement augmentation for traumatic fractures is less robust than that of osteoporotic vertebral fractures, such techniques have been extensively employed, either by themselves 4 or in combination with minimally invasive screw and rod fixation 5 for the treatment of thoracolumbar vertebral body fractures, especially those associated with extensive STIR changes in the vertebral body as demonstrated by MRI. Up to now, there have been no reports of complications associated with the use of such curettes in traumatic/nonosteoporotic vertebral fractures in the literature. In the sequence, we present the first case report of a fracture of the tip of a kyphoplasty curette during a cavitational kyphoplasty for the treatment of a traumatic vertebral fracture. patient was neurologically intact but had extensive traumatic injuries including spleen laceration, possible aortic injury, and right femoral fractures. Additionally, in the screening CT-scan of the abdomen, it was possible to visualize a T10 and T11 burst fractures as well as an L2 superior endplate fracture. Dedicated CT-scan of the thoracic and lumbar spine confirmed the previous findings ( Figure 1) . MRI demonstrated the acute nature of the fractures (with STIR hyper-intensity and marked T1 hypointensity), but without any significant central canal compromise (Figure 2 ).
Despite the low TLICS score of the fracture, we have previously demonstrated that comminuted burst fractures (A3) may be associated with significant kyphotic deformity if treated non-operatively, especially when considering fractures at two adjacent levels as in the reported scenario (namely T10 and T11). 6 As demonstrated by Figure 1 , the T10 fracture is associated with the almost complete destruction of the anterior one-third of the vertebral body. Although some may argue that cement augmentation should be reserved for osteoporotic fractures, there is an extensive literature, albeit mostly of retrospective nature, supporting the role of such therapeutic alternative in traumatic fractures. 4, 5 Ultimately, because of the comminuted pattern of the T10 burst fracture and the multilevel nature of the injuries, the patient was offered the option of proceeding with a minimally invasive navigation-guided T8 to L1 posterior screw and rod fixation and T10, T11, and L2 kyphoplasties. After placement of the screws, the kyphoplasties were conducted (Figure 3) . A stab incision was performed approximately 4.5 cm to the right of the midline at the levels of T10 and T11. Under direct AP and lateral fluoroscopy, Jamshidi needles were inserted through the skin and progressed until reaching the posterior portion of the vertebral bodies. Then, the inner trocars of the Jamshidi needles were removed. The cavity creator was inserted initially at T10, and moved forward and backward several times under direct live fluoroscopy in order to create a cavity and remodel the vertebral body. At the level of T11, after initial progression of the kyphoplasty curette beyond the tip of the Jamshidi needle a significant resistance was felt. While attempting to overcome such a resistance, lateral X-rays demonstrated an excessive bending of the curved curette beyond its normal shape, although no fracture was observed yet. After the knob was rotated counterclockwise in order to bring the curette back inside its shaft, a sudden loss of resistance was felt. New X-rays demonstrated a fracture of the distal portion of the kyphoplasty curette. Cement (PMMA) injection was conducted as planned fashion in T10, T11 and L2. Final X-rays demonstrated adequate placement of instrumentation and filling of the vertebral bodies by the cement. Postoperative CT-scan confirmed the presence of 
| DISCUSSION
Despite the lack of high-quality scientific evidence on the topic, several retrospective series with a considerable number of patients have reported the benefits of cement augmentation of the fractured vertebra in addition to posterior screw and rod fixation, possibly allowing the use of shortsegment instrumentation for thoracolumbar burst fractures (i.e., A3 fractures according to the AO-classification). 7, 8, 9 Although a prospective comparative analysis between the clinical and radiological outcomes of such a combined strategy with kyphoplasty alone and posterior instrumentation without cement augmentation is still lacking in the literature, retrospective series have demonstrated that cementaugmentation in associated with posterior instrumentation is associated with a significant improvement in clinical outcome measures (such as ODI, VAS, and SF-36) as well as in radiological parameters (such as the mean kyphotic angle), without a significant increase in the risk of perioperative complications. 10, 11 The restoration of the anterior column support has several advantages including providing immediate biomechanical stability and improving pain. It has already been demonstrated by several different studies 12, 13 that one of the reasons why kyphoplasty seems to be associated with lower rates of cement extravasation to endplates, epidural vessels and venous affluents of the inferior vena cava is the fact that the cement injection occurs at lower pressures once a cavity is created by the inflation of the balloon. In fact, it has been estimated that the injection pressure is reduced by more than threefold by the creation of a cavity in the vertebral body before cement injection (average maximum intravertebral pressure in the group with void creation versus the one without void creation of 1.20 vs 5.09 kPa, P = .001).
14 Despite some arguments to the opposite, 15 most spine surgeons would still consider a breach in the posterior wall of the vertebral body, especially if considering a pathological fracture with an associated tumoral lesion, at least a relative contraindication to kyphoplasty due to the fear of cement leakage toward the spinal canal as well as further posterior displacement of tumoral tissue and/or cortical bone with risk of new onset of neurological deficits. 16 The use of curettes during kyphoplasty (a procedure to which we refer as cavitational kyphoplasty) 17 has emerged in the past few years as an interesting alternative for low-pressure cement injection while mitigating the possible associated risks of balloon inflation.Furthermore, there has been a growing amount of evidence suggesting that unilateral cement augmentation may provide similar benefits to a bilateral approach in terms of clinical outcomes, with lower operative times and radiation exposure. 18 However, considering unilateral procedures, the supposed benefits of kyphoplasty over vertebroplasty in terms of restoration of vertebral body height become more questionable, especially taking into account that an inflated unilateral balloon would cover only a small percentage of the total surface area adjacent to the vertebral endplate, consequently increasing the likelihood of either an endplate fracture or, in the best scenario, restoration of height only in a small portion of the vertebral body. Additionally, cavity creation plays a central role in some new forms of cement augmentation, such as the socalled radiofrequency-targeted vertebral augmentation (RF-TVA-D, Fine Europe GmbH, Mannheim, DE), 19 a strategy currently available in Europe but not FDA-approved. Despite the fact that the choice between vertebroplasty, kyphoplasty, or other variations of cement augmentation as well as the approach (unilateral versus bilateral) is ultimately dependent on each surgeon's experience and personal preference, based on the rationale above, cavitational kyphoplasty has become a quite interesting option for those who favor unilateral approaches but who would still prefer a low-pressure injection even if no restoration of vertebral height is intended. Even for those who prefer to use a kyphoplasty balloon, the use of curettes before balloon inflation consists in an interesting technical alternative, being especially useful, according to some reports, 20 in patients with better bone quality.
From the billing standpoint, since 2015 the CPT code defines kyphoplasty as "percutaneous vertebral augmentation, including cavity creation (fracture reduction and bone biopsy included when performed) using mechanical device (eg kyphoplasty), unilateral or bilateral cannulation, inclusive of all image guidance." The broad semantic meaning harbored by the expression "cavity creation using a mechanical device" has enabled procedures involving cement augmentation after the use of kyphoplasty curettes, to receive formal recognition as kyphoplasty and, therefore, to be billed as such even when no balloon is employed..
There are currently two FDA-approved types of curettes which have been used for cavitational kyphoplasty in the United States ( Figure 5 ). The specific design of each one of these types of curettes involves significant differences which may affect their shear load failure points. The first type, which includes the iVAS balloon system/Stryker curette ( Figure 3A ) and the Synflate™ Depuy-Synthes curette ( Figure 3B ), relies on a prebent curette which is straight when inside the cannulated shaft but which follows its normal curvature after the curette is outside the shaft. Depth control in these systems is performed through a knob located above the handle which advances the curette inside the shaft. The second design (KYPHON ® Express™ and
Latitude II curette models/Medtronic) ( Figure 3C ) involves a separate articulation which is controlled by a trigger at the handle which can bend the tip of the curette from 180 to 90 degrees. Each of these designs involves specific concerns regarding possible material failure. The prebent/angled curettes seem inherently vulnerable to shear forces associated with hard vertebral body bone which may cause bending of the curette beyond its normal curvature and lead to instrument failure at the junction of the straight and the bent portions of the curettes. Conversely, the separate articulation in the alternative design represents the weakest point of the system and, in the case of large shear forces, failure can be expected to occur at this articulation site. According to the F I G U R E 4 Postoperative CT-scan demonstrating adequate placement of percutaneous screws and satisfactory filling of the T10, T11 and L2 vertebral bodies by methyl methacrylate | MATTEI And PERRET manufacturer disclosures, the possibility of such event is reduced by a torque resetting device, which allows easy resetting of the T-shaped tip when it encounters excess torsion. 21 During the reported case, it was possible to observe a bent of the kyphoplasty curette right after its emergence from the cannula which was larger than expected, likely already a radiological sign of impending failure. Although it is unclear if there would be any different maneuver in order to retrieve the curette which would avoid the ultimate fracture, it should be highlighted that such type of excessive curvature may be an alert of imminent failure, after which any attempt to further advance the curette should be aborted.
In the presented situation, according to the manufacturer, the kyphoplasty curette was composed exclusively of titanium and therefore, its presence in the vertebral body should neither prevent obtaining further MRI if indicated nor have any other deleterious effects. In such a scenario, any surgical attempts to recover the lost fragment, which would ultimately involve the necessity of a corpectomy, seem quite unwarranted.
Up to now, there has been no report of instrument complication with the use of kyphoplasty curettes in traumatic fractures in nonosteoporotic patients, with some authors even advocating that such curettes may be an important adjuvant in the case of young patients with hard cancellous bone. 22 Additionally, it has also been speculated that the use of a curette before balloon inflation may possibly reduce the risk of balloon rupture once the bone bridges and spikes are cleared by such instrument. 23 This relative lack of information on the failure stress of such relatively new instruments in the rapidly progressing field of kyphoplasty techniques (and the concomitant need of further biomechanical studies on the mechanical properties of such devices) is further corroborated by a similar recent report of an unretrievable curved kyphoplasty needle. 
| CONCLUSIONS
Despite the increasing use of kyphoplasty curettes for cement augmentation, the literature on the safety of such instruments for the treatment of traumatic fractures in nonosteoporotic patients is quite limited. This case report serves as a cautionary tale about the possibility of instrument fracture, especially when employing prebent curettes for the treatment of traumatic vertebral fractures. Despite the anedoctic nature of the evidence provided by this short report, we believe it plays an important role insofar as it highlights the necessity of further research on the biomechanical properties of such tools, with special focus on the shear load failure of prebent curettes. Ultimately, we believe that further clinical studies are required before the use of such type of instrument can be recommended in the scenario of traumatic/nonosteoporotic fractures.
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